Abstract-Special information search from video images is a field with very utility value. In this paper, we use the bilateral filter to denoise nightly infrared monitoring images for preprocessing step, so that noises are reduced and edges are preserved. Considering that traditional bilateral filters do not balance grayscale difference and the geometric distance in determining the weights of convolution kernel coefficients, we propose to give the two different values different weights, both of them are fully considered. Experimental results show that this algorithm can effectively remove noise as well as perfectly retain edge information.
INTRODUCTION
As the infrared imaging keeps on development, this technology has been widely used in civilian, military and other fields [1] . Infrared images are quite different from ordinary natural images in terms of imaging mechanism. Infrared images are also known as thermal images, whose level of darkness reflect temperature of each part of the object and differences emissivity. So it can show the characteristics of the scene. And this feature makes it achieve obvious advantages in the monitor at night. However, the infrared images are disturbed by blurry, noisy and other shortcomings; therefore, the de-noising algorithm for infrared technology has important significance [2] .
Image de-noising is an important issue in the field of image processing. It is an important foundation for the other image processing, such as image recognition, understanding. In accordance with processing domains of the image denoising, the existing algorithms can be divided into two categories: spatial domain ones and transform domain ones [3] . The former ones refer to those who process image pixels directly. While, the later ones need to map the images that are to de-noised to the transform domain, and process them according to the nature of their transform domain coefficients, and finally transform them into space domain. Spatial domain methods include linear spatial filtering and nonlinear spatial filtering. Linear spatial filtering method is also known as mean filtering, which reduce noise in the image through linear filtering. Nevertheless, it will bring in blurry, and the level of blurring is proportional to the extent of the neighborhood radius [4] . Median filter is one of nonlinear spatial filters, and its basic idea is to use middle pixel gray values in the neighborhood instead of the pixel gray values. This algorithm can reduce the level of noise in the premise of preserving edges or textures. Frequency domain filtering methods include Fourier method and wavelet method [5, 6] .
Gaussian filter has been widely used in the early denoising applications, but it tends to remove image details (such as textures and edges) in the process of de-nosing. So the literature [7] proposed the bilateral filter method to denoise images. In this method, the convolution kernel is also related to inter-pixel colors (grays) besides geometric distances. Bilateral filter can effectively solve the problems of the Gaussian filter that we have discussed above. However, we note that the bilateral filter just adds the two factors (geometric distance factor and color difference factor) simply, resulting in that the color factor plays a decisive role, and the distance factor is ignored in most cases. Therefore, we propose to use the theory of weights to weight the two factors in order to achieve equal status of the two factors.
II. RELATED WORKS
Image Denoising refers to the procedure of predict original images from noisy images. Assuming that the noise image I can be expressed as
Where, I is the noisy image (or observed image), I  is the original image (or true image). So, the process of image denoising can be regarded as a mapping from the noisy image I to the original image I  .
Gaussian smoothing filter is one of very effective low-pass filters in both of spatial domain and frequency domain. It was widely used in the field of image processing at earlier time. It contains five the important properties:
It satisfy rotational invariance;
The Gaussian function is a single-valued function;
The Fourier transform spectrum of the Gaussian function is a single lobe;
The width of the Gaussian filter (determines the degree of smoothing) is characterized by the parameter σ, and the relationship between σ and the degree of smoothing is very simple;
Because of the separability of Gaussian function, the Gaussian filter with larger size may be effectively realized.
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1D Gaussian distribution with mean of zero is defined as 
Where, σ is the standard deviation of the distribution. Fig.1-(a) is a 1D Gaussian distribution. 2D Gaussian distribution is defined as Gaussian filtering is actually a convolution operation of signal and a Gaussian function. Because the image is stored in discrete pixels, so here we need to construct a kernel function in Gaussian distribution. In practical applications, when we calculate the discrete Gaussian approximation, pixels whose distance with center is greater than 3σ can be ignored. Typically, the image processing program only needs to calculate matrix with the size of (6 σ + 1) × (6 σ + 1). Fig.1 -(c) is an ordinary Gaussian kernel. 
Where, * is the convolution operation.
III. DENOISING MODEL
Bilateral filter was proposed by C. Tomasi was in 1998. Different from traditional image smoothing algorithms (such as Gaussian filter mentioned in section 2) , the bilateral filter not only consider pixels geometric closeness, but also takes into account the color differences among neighborhood, which make it more effective in removing noise and preserving edges or textures in images.
Let I denote the noisy image, and I  the image after conducting bilateral filtering on I. the intensity in image I  is defined as, 
Where, (8) However, we note there exist differences between the two ranges; the lower bound of two pixels' distance is 0, and the upper bound is the size of bilateral filter kernel. While, the range of intensity distance of two pixels is [0,255]. Though they are mapped into [0, 1], they still are not balanced. Therefore, this paper proposes a modified form of the Equ. (6) . ( ( , , , ) (1 ) ( , , , )) ( , , , ) , α is the weight of ( , , , ) d i j k l , and its range is [0,1]. Under normal circumstances, the value is set greater than 0.5, in order to improve the proportion of ( , , , ) d i j k l in the calculation of ( , , , ) w i j k l .
IV. EXPERIMENTAL RESULTS AND DISCUSSIONS

A. Performance Evaluating Measure
Considering that the purpose of de-noising is to improve image quality, enhance the visual perception, and be conducive to the naked eye, the most reliable method is to evaluate the performance of de-noising subjectively. However, the ability of human eye in distinguishing visual difference is limited. In addition, this method can only give qualitative judgment, and it is susceptible to the observation environment, personal preferences. Therefore, in order to assess the performance of de-noising more accurately, the most widely used objective evaluation of quality measure -PSNR (Peak Signal to Noise Ratio) is used in this paper.
PSNR is calculated as Different from MSE, A greater PSNR indicates a better denoising image.
B. Performance Evaluating
In order to verify the effectiveness of the algorithm, we use multiple sets of real infrared images for testing. Here, we list two of them to illustrate the performance of the proposed algorithm. To facilitate the use of objective measure PSNR, we select the infrared image with less noise as a reference image, the test image is obtained by adding white Gaussian noise in the reference image. The comparison results of this algorithm other three de-noising algorithm (mean filtering, Gaussian filtering method and wavelet filtering method) are given. Here we set α = 0.75. From Fig. 2 , we note that edge blurring phenomenon in the resulting image by mean filter is most obvious, the image by Gaussian filter is better than the image by mean filter, because the Gaussian convolution kernel is in a Gaussian distribution, the weight of the surrounding pixels is small. The wavelet filtering method and the proposed algorithm is better in keeping the edge areas. Table 1 gives an objective assessment of the de-noised images. The table indicates that the proposed algorithm outperform the other three algorithms including wavelet filtering algorithm. Fig.3 shows another set of experimental data, and the results are similar to the first group. Their objective assessment is also listed in Table 1 . The second set of experimental data is shown in Fig.3 , and the results are similar to the first group. Their objective assessment is shown in Fig.4 .
From the experimental results, we observed that the proposed algorithm achieves better de-noising effect and it is superior to the other three traditional algorithms in terms of subjective and objective evaluating.
V. CONCLUSIONS
For the characteristics infrared images, the bilateral filter is used for filtering them in order to achieve good results that noise are reduced with edges preserved. Considering that traditional bilateral filter does not balance and the gray factor and geometric distance factor, we proposed to give the two factors two different weights in a bid to make them considered equally. Experimental results show that this method can effectively remove noise and preserve edge information well.
